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The aim of this study was to analyze the regulatory T cells (Tregs) induced by the porcine reproductive
and respiratory syndrome virus (PRRSV) in pigs. Serum, blood, tonsil, and mediastinal lymph nodes’
samples were obtained at different time post-infection (dpi). The frequencies of
CD4þCD8CD25þFoxp3þ , CD4þCD8þCD25þFoxp3þ , or CD4CD8þCD25þFoxp3þ phenotypes were
determined in PBMC and lymph node cells, and cells producing IL-10 or TGF-b were analyzed. PRRSV
increased the number of CD4þCD8þCD25þFoxp3þ cells at 14 dpi, whereas CD4þCD8CD25þFoxp3þ
remained constant until 28 dpi. Positive correlation exists between viremia and induced regulatory
cells. CD4þCD8þCD25þFoxp3þ-induced Treg cells were consistently observed in lymphoid tissues.
Analysis of IL-10- and TGF-b-producing cell demonstrated that in response to PRRSV, CD4þCD8Fox-
p3low and CD4þCD8þFoxp3high cells increase moderately the proportion of IL-10þ cells. TGF-b was
only observed in the CD4þCD8þFoxp3high population after PRRSV stimulation. In conclusion, PRRSV
infection increases the frequency of Tregs with the phenotype CD4þCD8þCD25þFoxp3high and
produces TGF-b.
& 2012 Elsevier Inc. All rights reserved.Introduction
Porcine reproductive and respiratory syndrome (PRRS) causes
signiﬁcant economic losses for the swine industry (Neumann
et al., 2005). The causative agent of PRRS, the PRRS virus (PRRSV)
(Meulenberg et al., 1997), belongs to the order Nidovirales, family
Arteriviridae, and genus Arterivirus. Two different genotypes, I and
II, have been widely recognized (Fauquet et al., 2005). PRRSV can
cause a prolonged viremic phase and persist in pigs for long
periods, primarily in tonsils and lymph nodes, after the initial
infection (Allende et al., 2000; Lamontagne et al., 2003; Rowland
et al., 2003; Wills et al., 1997). Eventually, the virus is cleared in
most infected animals before 150 days post-infection (dpi)
(Allende et al., 2000). The cell-mediated immune (CMI) response
supposedly plays a primary role in viral clearance, but the precise
mechanisms of this process are not completely understood.
CMI responses in pigs that have been infected with genotype II
PRRSV strains are initially detected between 14 and 56 dpi and
gradually develop over the following months (Murtaugh et al.,
2002; Xiao et al., 2004). Virus-speciﬁc IFN-g-secreting cells (IFN-g
SC) are ﬁrst detectable at 14 dpi after which IFN-g levels gradually
increase and peak at 70 dpi, although this depends on the PRRSVll rights reserved.strain and genotype (Batista et al., 2004; Diaz et al., 2005; Diaz
et al., 2006; Meier et al., 2003; Meier et al., 2004). Although strong
proliferative CD8þ T cell responses are present in PRRS, the level
of PRRSV-speciﬁc cytotoxic T lymphocytes (CTLs) detected is low
(Costers et al., 2009). The mechanisms involved in these unusual
and delayed immune responses are still unknown; however,
available evidence suggests that PRRSV is able to modulate the
porcine immune system, particularly during the early stages of
post-infection (Flores-Mendoza et al., 2008; Mateu and Diaz,
2008; Murtaugh et al., 2002).
Regulatory T cells (Tregs) are responsible for controlling the
immune response and maintaining homeostasis by suppressing or
controlling the functions of immunocompetent effector cells.
Tregs are classiﬁed as natural or induced, the ﬁrsts control the
immune response against autoantigens and the seconds are
involved in response to exogenous antigens (Belkaid, 2007;
Miyara and Sakaguchi, 2007). In humans and mice, the transcrip-
tion factor forkhead box P3 (Foxp3), which is currently the most
speciﬁc Tregs marker, controls the development and function of
Tregs. In swine, two Treg populations have been identiﬁed so far,
CD4þCD8CD25þFoxp3þ and CD4þCD8þCD25þFoxp3þ , which
have been described as natural and activated/memory-like Tregs,
respectively (Kaser et al., 2008).
Induction of Tregs is one of the mechanisms used by patho-
gens to escape the immune response. Tregs have been associated
with the establishment of chronic or persistent infection by
E. Silva-Campa et al. / Virology 430 (2012) 73–8074viruses, such as human immunodeﬁciency virus, cytomegalovirus,
Epstein-Barr virus, and hepatitis B (HBV) and C viruses (Kinter
et al., 2004; Peng et al., 2008; Rieger et al., 2006; Smyk-Pearson
et al., 2008; Vahlenkamp et al., 2005; Voo et al., 2005). For
example, in chronic hepatitis B viral loads in the liver are
associated with increased numbers of Tregs (Stoop et al., 2008).
In HIV infection, the decrease in the number of circulating Tregs
in some chronically infected HIV patients are due to their
distribution to tissues and lymphoid nodules (Thorborn et al.,
2010) and correlate with the severity of infection (Chase et al.,
2008). Recent evidence has also demonstrated induction of Tregs
during the early phase of infection in PRRS (Dwivedi et al., 2011b;
LeRoith et al., 2011; Silva-Campa et al., 2010; Silva-Campa et al.,
2009; Wongyanin et al., 2010), and these cells could explain the
delayed PRRSV-speciﬁc CMI in infected pigs. The aim of the
present study was to characterize Treg populations in the per-
ipheral blood, tonsils, and mediastinal lymph nodes during the
early phases of PRRSV infection in pigs using the PRRSV strain
NVSL-97-7895.Fig. 1. Regulatory T cell subpopulations. The percentages of CD25þFoxp3þ cells in CD4
ﬂow cytometry. (A) Dot plots are representative of CD25þFoxp3þ cells in CD4þCD8 , C
n¼6 from each population; differences were determined using one-way ANOVA and Tuk
(po0.05).
Table 1
Population of lymphocytes on PBMCs.




a,b: One-way ANOVA and Tukey’s test for medias comparison, different letters represenResults
Phenotypic characterization of Tregs in PRRSV-infected swine
Frequencies of the CD4þCD8CD25þFoxp3þ , CD4þCD8þ
CD25þFoxp3þ and CD4CD8þCD25þFoxp3þ cells were determined
in PBMCs from pigs at different time points after the experimental
inoculation. A gradual increase in the percentage of CD4þ
CD8þCD25þFoxp3þ cells was observed at 14 dpi (po0.05); also at
28 dpi its proportion peaked (Fig. 1). CD4þCD8CD25þFoxp3þ cells
showed a uniform behavior within the ﬁrst 21 dpi with a signiﬁcant
increase (po0.05) only at 28 dpi. Proportions of CD4CD8þCD25þ
Foxp3þ cells remained unchanged throughout the study. Further to
Tregs characterization, the percentages of CD4þCD8 , CD4þCD8þ ,
and CD4CD8þ T lymphocytes were evaluated. Table 1 shows that
CD4þCD8 cells remained in constant proportion over time (no
signiﬁcant differences among time points). In inoculated animals, the
proportion of double positive CD4þCD8þ cells showed only differ-
ences between 0 and 28 dpi (po0.05).þCD8 , CD4CD8þ , and CD4þCD8þ T lymphocyte populations were quantiﬁed by
D4CD8þ , and CD4þCD8þ subpopulations. (B) Data represent the mean7SEM of
ey’s test for median comparisons. Different letters represent signiﬁcant differences




t signiﬁcant differences (po0.5).
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ml of serum), was quantiﬁed at 7 dpi (range: 4106–2108) and
28 dpi (range: 2.4107–9107) (Fig. 2). The comparison of
CD4þCD8þCD25þFoxp3þ cells and the number of viral genomic
copies showed a positive correlation (p¼0.03) using Pearson’s
correlation coefﬁcient r¼0.55, r2¼0.31. Besides, when analyzed
according to dpi, a correlation of 0.8 with r2¼0.7 (p¼0.002) was
observed at 28 dpi, whereas at 7 dpi, a correlation of 0.7 with
r2¼0.47 and p¼0.03 was also found.Fig. 2. Viral load in serum. PRRSV detection was performed by qPCR to obtain the
number of genomic copies of RNA per ml of serum. Samples were collected at 0,
7 and 28 dpi, line represents the mean value of the data.
Fig. 3. Distribution of regulatory T cell subpopulations in tonsil and mediastinal lym
lymph nodes and (B), tonsil), CD4þCD8þ ((C), mediastinal lymph nodes and (D), ton
populations were quantiﬁed by ﬂow cytometry. Black bars represent infected swine an
n¼2 uninfected animals for each evaluated point in time; differences were determineDistribution of Tregs in mediastinal lymph nodes and tonsil cells
In addition to characterizing Tregs from peripheral blood, we
evaluated in lymphoid tissues, such as the mediastinal lymph nodes
and tonsils. Infected (n¼4) and control (n¼2) pigs were euthanized
at different time points after infection (0, 3, 7, 11, 18, and 24 dpi),
and samples from lymphoid tissues were taken for characterization.
Results for mediastinal lymph nodes are shown in Fig. 3. In infected
pigs, Tregs with the phenotype CD4þCD8CD25þFoxp3þ cells
remained unchanged at 3 and 7 dpi but increased at 11 and
18 dpi (Fig. 3A) becoming similar to controls by 24 dpi. The
CD4þCD8þCD25þFoxp3þ Tregs population increased at 18 and
25 dpi (Fig. 3C). Tregs of the phenotype CD4CD8þCD25þFoxp3þ
cells remained unchanged, and only a discrete increase was
observed at 18 dpi (Fig. 3E). Characterization of Tregs from tonsils
showed a negligible reduction in the percentage of CD4þCD8
CD25þFoxp3þ cells at 3, 18, and 25 dpi (Fig. 3B). The distribution of
CD4þCD8þCD25þFoxp3þ cells was similar to that of the mediast-
inal lymph node, with increases at 3, 18, and 25 dpi (Fig. 3D). Finally,
the CD4CD8þCD25þFoxp3þ population remained almost con-
stant but with a small decrease at 7 dpi (Fig. 3F).
In other models of virus infection, it has been observed that
the number of Tregs is associated with the viral load. To test if this
phenomenon is also observed in PRRSV infection, the viral loads
in mediastinal lymph nodes and tonsils were evaluated. Fig. 4
shows that at 3 dpi, 2/4 pigs presented viral loads of approxi-
mately 106 copies of RNA/g of tissue. Viral loads at the other time
points examined were similar. At 11 dpi, all of the infected pigsph node. The percentages of CD25þFoxp3þ cells in CD4þCD8 ((A), mediastinal
sil) and CD4CD8þ ((E), mediastinal lymph nodes and (F), tonsil) T lymphocyte
d white bars are uninfected swine. Data represent the mean of n¼4 infected and
d using the Kruskal–Wallis test and Dunn’s test for median comparisons.
Fig. 4. Viral load in tissue. PRRSV detection was performed by qPCR using a standard curve to obtain the number of genomic copies of RNA per gram of tissue sample
collected at each evaluated point in time, the cross line represents the mean of data at time point.
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detected at all time points in 3/4 pigs with viral loads about 106
copies of RNA/g of tissue at 7 and 11 dpi, 105 copies of RNA/g of
tissue at 18 dpi, and 104 copies of RNA/g of tissue at 25 dpi. There
is an association between the viral load in this tissue and the
percentage of Tregs, because these cells exhibited a similar
behavior to that observed for PRRSV concentration (copies of
RNA/g) in tissue, in that the behavior of the CD4þCD8þ
CD25þFoxp3þ cells coincided with the viral loads of the
infected pigs.
Analysis of IL-10- and TGF-b-producing cells within the Foxp3þ and
Foxp3- populations
Fig. 5 shows a representative experiment of the proportion of
IL-10 and TGF-b-producing cells within each T-cell subset exam-
ined by ﬂow cytometry after stimulation of PBMC with either PHA
or PRRSV. Production of TGF-b in response to recall stimulation
with PRRSV accumulated in CD4þCD8þFoxp3high cells (p¼0.02),
with no differences on CD4þCD8þFoxp3low and CD4þCD8þ
Foxp3neg (Fig. 6A). TGF-b was also observed on CD4þCD8Fox-
p3high but in response to PHA stimulation (p¼0.085). Increased
proportion of IL-10-producing cells were observed in CD4þ
CD8Foxp3high cells after PHA stimulation (p¼0.05), PRRSV
stimulation induced a discrete increment within CD4þCD8
Foxp3low and CD4þCD8þFoxp3high (Fig. 6B). No effects were
observed within CD4CD8þFoxp3neg, CD4CD8þFoxp3low or
CD4CD8þFoxp3high after PRRSV or PHA stimulation (Fig. 6A
and B).Discussion
In this study, we aimed at characterizing PRRSV-induced Tregs
using the PRRSV strain NVSL-97-7895. Previous data from our
laboratory and others have provided evidence that American
PRRSV strains are able to induce Tregs and have also supported
the hypothesis that these cells can participate in the immuno-
modulation that has been observed in PRRSV-infected pigs
(Dwivedi et al., 2011b; LeRoith et al., 2011; Silva-Campa et al.,
2010; Silva-Campa et al., 2009; Wongyanin et al., 2010). In order
to characterize Tregs, a four-color-ﬂow cytometry was carried out
every week after inoculation of pigs to identify CD4þCD8
CD25þFoxp3þ (previously referred to as natural Tregs),
CD4þCD8þCD25þFoxp3þ (previously referred to as induced
Tregs), and CD4CD8þCD25þFoxp3þ (Kaser et al., 2008).
In the present experiment, infection with PRRSV induced an
increase in the percentage of CD4þCD8þCD25þFoxp3þ cells at
14 dpi, whereas the percentage of CD4þCD8CD25þFoxp3þ cells
remained constant until day 28 dpi. The increase in CD4þCD8þCD25þFoxp3þ cells was not the result of increases in the total
number of double positive CD4þCD8þ lymphocytes because
these cells did not numerically increase throughout the experi-
ment and, actually, decreased at 28 dpi. Interestingly, the increase
of induced Tregs with phenotype CD4þCD8þCD25þFoxp3þ had a
positive correlation with viral load that was not observed with
natural occurring Tregs (CD4þCD8- CD25þFoxp3þ). These results
permit us to conclude that infection with PRRSV strain NVSL-97-
7895 infection elicits de novo induced Tregs and these are closely
related to the viremia. This, leads to the hypothesis of the
potential involvement of those induced Tregs in the persistence
of infection. In contrast, CD4CD8þCD25þFoxp3þ (potential
natural Tregs) did not develop upon infection with the selected
PRRSV strain, this may indicate that regulation in PRRSV does not
involve these mechanism; however, more studies are necessary to
support this hypothesis.
In accordance with the data obtained from the peripheral
blood, CD4þCD8þCD25þFoxp3þ-induced Tregs were consistently
observed in lymphoid tissues. In the mediastinal lymph node, an
increase in the percentages of those cells was observed at 18 and
25 dpi. Interestingly, the same phenomenon was observed in
tonsils. Also, in agreement with data from the periphery, changes
in CD4þCD8CD25þFoxp3þ Tregs were observed in the mediast-
inal lymph nodes at 18 dpi, which could explain the increase of the
same subpopulation in the periphery at 24 dpi. Notably, these
changes were not observed in tonsils, suggesting that
CD4þCD8CD25þFoxp3þ Tregs are induced in mediastinal lymph
nodes, in addition to other potential sites (Dwivedi et al., 2011a).
These conclusions open one important question: are these cells
PRRSV-speciﬁc? And if so, what antigens of the virus (structural
and non-structural proteins) induce this Treg response?
Previous studies have reported that PRRSV-induced Tregs
produce mostly TGF-b; however, in vivo data have not been
published yet (Silva-Campa et al., 2010; Silva-Campa et al., 2009).
In this study, we analyzed if cells with a regulatory phenotype
were also able to produce regulatory cytokines after stimulation
with PRRSV antigens. When cells were divided into groups
according to Foxp3 expression (negative, low, and high), and
cytokine production was analyzed in CD4þCD8 , CD4þCD8þ ,
and CD4CD8þ cells, it was conﬁrmed that PRRSV infection
enabled Tregs to produce regulatory cytokines. We identiﬁed that
in response to PRRSV, CD4þCD8þFoxp3high cells produced TGF-b.
These data clearly demonstrate a differential response in cytokine
production according to the stimulus. Polyclonal (PHA) stimula-
tion induces an increase in the number of cells producing IL-10
and TGF-b by CD4þCD8Foxhigh cells, namely, natural Tregs in
pigs, whereas antigen-speciﬁc stimulation by PRRSV induces
CD4þCD8þFoxhigh cells (induced Tregs). CD4þCD8þFoxp3high
can be classiﬁed as induced T regulatory cells, in contrast,
CD4þCD8Foxp3low produce low number IL-10 and can be
Fig. 5. Analysis of IL-10- and TGF-b-producing cells by ﬂow cytometry. A representative analysis of cells producing IL-10 and TGF-b on CD4þCD8 , CD4CD8þ , and
CD4þCD8þ expressing Foxp3. PBMC from 21 dpi pigs were cultured with 1105 TCID50 PRRSV, mock (negative control), or 10 mg of PHA (as positive control) during 24 h.
At 20 h of culture, brefeldin A was added to the PBMCs and at 24 h were labeled with anti-porcine CD4APC and anti-porcine CD8RPECy7. Thereafter, cells were ﬁxed and
permeabilized, and stained with anti-Foxp3 and biotin-labeled anti-swine IL-10 or biotin-labeled anti-TGF-b multispecies antibody or isotype control for 2 h followed by
streptavidin FITC (BD Pharmingen) overnight in the dark at 4 1C. Cells were analyzed according to their Foxp3 expression (negative, low, or high), followed by the analysis
of CD4 and CD8; ﬁnally, the percentage of cells producing cytokines were evaluated on CD4þCD8 , CD4CD8þ and CD4þCD8þ . Histograms represent PRRSV-stimulated
analyzed cells.
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memory T regulatory cells has been previously observed with
other porcine viral infections, as those caused by porcine rubula-
virus (Hernandez et al., 2001). In that study, the authors demon-
strated that sorted CD4þCD8þ cells produce more IL-10 after
virus stimulation than CD4þCD8 cells.
The capacity of PRRSV to modulate the immune response
through the infection of antigen-presenting cells (APCs) and the
development of an anti-inﬂammatory cytokine environment
(IL-10 and TGF-b) are factors that can promote the induction
and maintenance of Tregs (Charerntantanakul et al., 2006; Flores-
Mendoza et al., 2008; Loving et al., 2007; Wang et al., 2007).
TGF-b is involved in the generation and functional maintenance of
inducible Tregs (Marie et al., 2005; Yamagiwa et al., 2001),
whereas IL-10 is a critical factor for sustaining Foxp3 expression
(Murai et al., 2009). In conclusion, the present results contribute
to provide evidence that PRRSV induces Tregs and this informa-
tion can help to explain the absence of a cellular immuneresponse during the ﬁrst weeks post-infection. Moreover, these
results provide evidence to support the idea that
CD4þCD8þCD25þFoxp3high populations in swine are inducible
Tregs. In addition, our data conﬁrm the presence of CD4CD8þ
CD25þFoxp3þ cells that may represent other possible Treg
populations in swine. The effects of PRRSV-induced Tregs accu-
mulation in tissues and the release of cytokines, such as IL-10 and
TGF-b, allow the virus to persist in the host by controlling the
intensity of IFN-g production and cytotoxic activity, in addition to
deﬁcient memory cell generation.Material and methods
Animals
Four to nine-week-old conventional pigs from a PRRSV-free
farm were housed in the animal facility unit of the Centro de
Fig. 6. TGF-b- and IL-10-producing cell after stimulation with PHA or PRRSV according to Foxp3 expression. PBMCs from pigs (n¼4) with 3 or 4 weeks post infection were
stimulated with mock (gray bar), PRRSV (white bar) or PHA (black bar) for 24 h. Four-color ﬂow cytometry analysis was completed to quantify the percentage of Foxp3þ ,
CD4þ , CD8þ , and IL-10þ or TGF-bþ cells. The analysis was done by considering Foxp3neg, Foxp3low and Foxp3high cell populations as region, then subdividing CD4þCD8 ,
CD4CD8þ , and CD4þCD8þ cells so as to identify TGF-b- (A) or IL-10-producing cell (B). The percentage of positive cells revealed by the isotype control was subtracted
from the percentage of positive cells with the cytokine-speciﬁc antibody.
E. Silva-Campa et al. / Virology 430 (2012) 73–8078Investigacio´n en Alimentacio´n y Desarrollo, A.C., with ad libitum
access to water and food. A PRRSV negative status was conﬁrmed
by real-time PCR and anti-PRRSV antibody quantiﬁcation. The
animals were infected with 5 mL of 105 TCID50 of a PRRSV (strain
NVSL 97-7895) by both intranasal (2 mL) and intramuscular
(3 mL) routes. To determine the infection, PRRSV quantiﬁcation
was performed by real-time PCR (Tetracore Inc, Gaithersburg,
MD) of sera samples, and anti-PRRSV antibody titers were
evaluated using a commercial kit (IDEXX Laboratory). The study
was divided into two parts; the ﬁrst experiment was conducted to
analyze Tregs in the peripheral blood. Six pigs were infected, andsamples of serum and blood were taken at 0, 7, 14, 21, and 28 dpi.
The second experiment was conducted to quantify the number of
Tregs in tissues, pigs were divided into control (n¼14) and
infected (n¼20) groups. Samples of serum, blood and lymphoid
tissues (tonsil and mediastinal) from 2 control and 4 infected pigs
were obtained at 0, 3, 7, 11, 18, and 25 dpi.
Virus and cells
The PRRSV (strain NVSL 97-7895; GenBank accession no.
AY545985) was propagated in MARC-145 cells using Dulbecco’s
E. Silva-Campa et al. / Virology 430 (2012) 73–80 79modiﬁed Eagle medium (DMEM; GIBCO, Grand Island, NY) that
had been supplemented with 10% heat-inactivated fetal bovine
serum (FBS; GIBCO, Grand Island, NY), 100 IU penicillin mL1 and
100 mg streptomycin mL1 (Sigma, St Louis, MO) (complete
DMEM). Once the cytopathic effect was evident, cell cultures
were freeze–thawed twice and the cell lysates were centrifuged at
650 g at 4 1C for 20 min. The supernatant containing the virus was
collected, titrated, and stored at 70 1C. The PRRSV strain NVSL-
97-7895 is widely used as a reference to evaluate the immune-
pathogenesis of America PRRSV strains. Also, we used it
previously to analyze the effects of PRRSV infection of monocyte
derived DCs and found that it is capable to modulate the innate
immune system through the induction of IL-10 and TGF-b,
cytokines that potentially induce Treg cells (Silva-Campa et al.,
2009).
Cells isolation
Peripheral blood mononuclear cells (PBMC) were obtained
from porcine peripheral blood, the samples were collected into
EDTA-coated collection tubes (Becton-Dickinson), diluted at a
ratio of 1:2 with phosphate-buffered saline (PBS; GIBCO, Grand
Island, NY), overlaid on Ficoll-Hypaque (Amersham Biosciences,
Uppsala, Sweden), and centrifuged at 500 g for 20 min. PBMCs
were washed three times in RPMI-1640 that had been supple-
mented with 10% heat-inactivated fetal bovine serum (FBS;
GIBCO, Grand Island, NY), 100 IU penicillin mL1, 100 mg
streptomycin mL1, 110 mg sodium pyruvate mL1, 2 mM L-glu-
tamine, and 1 mg amphotericin B mL1 (Sigma, St Louis, MO)
(complete RPMI). Samples from mediastinal lymph nodes and
tonsils were gained by sieving small pieces of the respective
organs through cells strainer of 100 mm (BD Falcon). Then, cells
were washed twice with PBS and resuspended in RPMI-1640 with
10% FBS.
Flow cytometry
The frequency of Tregs was determined by the co-expression
of CD25 and Foxp3 in subpopulations of T cells from PBMCs and
tissues. Cells were stained with 10 ml of anti-porcine CD25
(AbDSerotec, MCA1736 clone K231.3B2), followed by 0.06 mg of
Alexa Fluor 488 goat anti-mouse IgG (HþL) (Invitrogen, molecu-
lar probes). The LYNX rapid antibody conjugation kit (AbDSer-
otec) was used to conjugate mouse anti-porcine CD4 with APC
(VMRD, Inc., clone 74-12-4) and CD8 with RPECy7 (VMRD, Inc,
clone 76-2-11), and 0.05 mg of these antibodies were then added
to the cell preparation. Foxp3 intracellular staining was per-
formed with 0.03 mg of anti-rat/mouse Foxp3 (eBioscience, clone
FJK-16s, with cross-reactivity with swine Foxp3) (Kaser et al.,
2008) and 0.03 mg of PE conjugated rat IgG2a isotype control
(eBioscience, clone eBR2a) using the Foxp3 Staining Buffer Set
(eBioscience, Staining, Fixation/Permeabilization and Permeabili-
zation Buffers) to obtain the four-color stain CD4APCCD8RPECy7
CD25Alexa488Foxp3PE. The Tregs frequency was evaluated by ﬂow
cytometry (BD FACS Canto II), and data were analyzed using BD
FACS Diva 6.0 software.
For analysis of the IL-10þ and TGF-bþ cells, PBMCs (1106)
were cultured with 1105 TCID50% of PRRSV, mock (negative
control), or 10 mg of phytohemagglutinin (PHA; positive control)
and incubated at 37 1C in 5% CO2 for 24 h. Four hours prior to cell
collection, brefeldin A was added to the culture to a ﬁnal
concentration of 4 mg/mL. PBMCs were labeled with anti-porcine
CD4APC and anti-porcine CD8RPECy7. Thereafter, cells were ﬁxed
and permeabilized, as previously described, and stained with
anti-Foxp3 and 0.1 mg of biotin-labeled anti-swine IL-10 (Bio-
source) or biotin-labeled anti-TGF-b multispecies antibody(Invitrogen, Biosource), or rat IgG2a K isotype control biotin
(eBioscience, clone eBR2a) for 2 h, followed by 0.25 mg of Strep-
tavidin FITC (BD Pharmingen) overnight in the dark at 4 1C. The
total number of cells acquired was dependent of Foxp3þ cells at
least 5000 cells, the analysis was done in base of Foxp3 expres-
sion: Foxp3 negative (Foxp3Neg), Foxp3Low and Foxp3Hi; each
regions was then subdivided in three population CD4þCD8 ,
CD4þCD8þ and CD4CD8þ; in those cells was calculated the
percentage of IL-10 or TGF-b positive cells (and isotype control
too). For the data analysis, the percentage of unspeciﬁcity
obtained with the isotype control was subtracted.
Real-time PCR for PRRSV detection
Twenty-ﬁve milligrams of tissue from mediastinal lymph
nodes and tonsils, or 140 mL of sera were taken for RNA extraction
from each one of the pigs at different dpi. A Qiagen kit (Qiagen,
Valencia, CA, USA) was used according to manufacturer’s recom-
mendations for RNA extraction as previously described
(Christopher-Hennings et al., 2006). RNA was re-suspended in
30 mL of RNAse-free water or 60 mL for serum samples (Invitro-
gen, Carlsbad, CA, USA). PRRSV RNA was quantiﬁed using a
commercial kit from Tetracore Inc. (Gaithersburg, MD), as pre-
viously described (Christopher-Hennings et al., 2006). Known
amounts of serially diluted in-vitro transcript RNA product from
2.3101 through 2.3107 genomic copies/mL (Tetracore Inc.
Gaithersburg, MD) were used to generate a standard curve to
determinate the concentration of PRRSV.
Statistical analysis
Data were analyzed using paired Student’s t-test or one-way
analysis of variance (ANOVA) followed by post-hoc Tukey’s test to
establish differences among treatments (po0.05). The Kruskal–
Wallis test and Dunn’s test for median comparisons were used for
relative expression analysis and non-parametric data. Analyses
were performed with PRISM 5.02 software (Graph Pad, San Diego,
CA). Positive correlations were analyzed using the NCSS 2007
statistical program.Acknowledgments
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